Methods were developed for the analysis of acetonitrile and its metabolite cyanide in the blood of rats exposed to acetonitrile. Acetonitrile was analyzed by the headspace technique coupled to gas chromatography with detection by flame ionization, and cyanide was analyzed by high-performance liquid chromatography with fluorescence detection (~x = 418 nm and ~'em = 460 nm) after derivatization of the ion with naphthalene 2,3-dicarboxyaldehyde and taurine. The quantitation limits of the methods for the analysis of acetonitrile and cyanide were 4.875 pg/mL and 0.025 pg/mL, respectively. The coefficients of variation of 10% or less obtained for intra-and interassay precision indicate the precision of these analytical methods and the systematic errors, all less than 5 %, indicate that the methods are quite accurate. The methods were applied to an experimental study after the animals received acetonitrile at the doses of 2 mmol/kg or 5 mmol/kg. plasia (1). Experimental treatment with acetonitrile results in teratogenic effects in hamsters and embryotoxicity in rats (3,4).
Introduction
Acetonitrile (CH3CN) is a volatile polar solvent extensively used in the polymerization industry and in research laboratories (1-3). Its major uses include processes of fatty acid extraction from plant and animal oils, steroid recrystallization, chemical synthesis, constituents of the mobile phase of highperformance liquid chromatography (HPLC) systems, copper extraction and refining, non-aqueous solvents for inorganic salts, the perfume industry, and pharmaceutical solvents, among others (4) . Acetonitrile is absorbed through the gastrointestinal tract, the skin, and the lungs (2) . In humans, accidental intoxication and death have resulted from exposure to acetonitrile in various occupational situations (1, 2) . The signs and symptoms of acute acetonitrile intoxication include nausea, emesis, chest pain, tachycardia, hypotension, headache, and convulsions (4) . The systemic toxicity of acetonitrite results in cerebral and pulmonary hemorrhage and in thyroid hyper-
Experimental
Male Wistar rats weighing 250 + 10 g were used. Before the experiments, the animals were left in the institutional animal house for 3 days for adaptation, with free access to ration and water. After a 12 h fast, the animals were injected intraperi- Reproduction (photocopying) of editorial content of this journal is prohibited without publisher's permission.
toneally with acetonitrile at the doses of 2 mmol/kg or 5 mmol/kg. Blood samples were collected after decapitation at times zero, 10, 20, and 40 min and 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, and.6.0 h. Heparin was used as an anticoagulant. Eight animals per collection time were used. Whole blood aliquots of 1.5 mL were stored at 4~ until the time for analysis of acetonitrile and cyanide.
Reagents
The acetonitrile (Merck, Darmstadt, Germany) stock solution and the isopropanol solution (Merck) used as the internal standard for the analysis of acetonitrile were prepared daily in water at the concentration of 98.76 mg/mL for acetonitrile and 780 IJg/mL for the internal standard. Starting from the acetonitrile stock solution, standard solutions were prepared at the concentrations of 12.48, 6.24, 3.12, 1.56, 0.78, and 0.39 mg acetonitrile/mL water.
The potassium cyanide stock solution (Riedel de Hai~n, Darmstadt, Germany) at the concentration of 0.2 mg cyanide/mL was prepared in a 0.1 mol/L NaOH solution and diluted with water to obtain standard solutions at the concentrations of 0.5, 0.4, 0.2, 0.1, and 0.05 IJg/mL.
The naphthalene-2,3-dicarboxyaldehyde (NDA) solution (Fluka, Steinheim, Switzerland) was prepared at the concentration of 2 mmol/mL 100rnM phosphate buffer (pH 7.0) containing 50pM sodium borate. The taurine solution (Sigma, St. Louis, MO) was prepared at the concentration of 50 pmol/mL 100mM phosphate buffer (pH 7.0) containing 501JM sodium borate.
All the water used during the experiment was purified with a Milli-Q | system (Waters, S~o Paulo, Brasil).
Apparatus
The gas chromatography (GC) system used for acetonitrile analysis consisted of a Shimadzu GC-17A GC (Shimadzu, Kyoto, Japan) equipped with a flame-ionization detector and an automated headspace system model HSS-4A. Chromatographic acetonitrile separation was obtained with a SupelcowaxIM10 capillary column (30 m x 0.25 mm) lined with a 0.25-]am film (Supelco, Bellefonte, PA). The injections were made in the split mode. The temperatures of the vaporizer, column, and detector were 150~ 50~ and 150~ respectively. Nitrogen was used as the mobile phase at a flow rate of 0.8 mLlmin.
The HPLC system for cyanide analysis consisted of a Shimadzu chromatograph composed of an LC-10AD pump with a 20-]~L sampler and a model RF 551 fluorescence detector operating at 418 nm for excitation and at 460 nm for emission. A Shimadzu integrator model CR 6Awas used to record and integrate the peaks. Chromatographic cyanide separation was obtained with a Lichrosorb | RP18 reversed-phase column (15 x 4 mm) packed with 5-]Jm particles (Merck, Darmstadt, Germany). The mobile phase eluted through the system consisted of waterlacetonitrile (9:1) at a flow rate of 1.0 mL/min.
Methods
For the analysis of acetonitrile in blood, 1.0 g sodium chloride, 1.0 mL water, 25 IJL of the internal standard (isopropanol) solution, and 1.0 mL of blood were added to a headspace flask.
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Journal of Analytical Toxicology, Vol. 29, March 2005 The flask was then sealed, mixed, and heated at 60~ for 20 min. Chromatographic analysis was performed after the injection of 1.0 mL of the gas phase in the flask into the GC system. For cyanide analysis, 500 ]JL water and 2.0 mL methanol were added to 100 IJL blood, and the mixture was vortex mixed for 30 s and centrifuged at 2000 rpm for 10 rain. Derivatization was performed by adding 100 IJL NDA and 100 IJL taurine to 500 IJL of the supernatant obtained. The mixture was homogenized by vortex mixing and left to stand for 40 min at room temperature and a 20-1JL aliquot was then submitted to chromatographic analysis.
Validation
The quantitation limits of the method were assessed by the analysis of blank blood samples spiked with decreasing concentrations of acetonitrile and cyanide. The lowest concentrations quantified with coefficients of variation of up to 20% were considered to be the quantitation limit.
The linearity of the methods was calculated by the analysis of blank blood samples spiked with increasing concentrations of acetonitrile and cyanide. The linear relation between the highest concentrations analyzed and the response of the detector was established on the basis of the linear regression equation and by the correlation coefficient.
The precision of the methods for the analysis of acetonitrile and cyanide was determined by the analysis of three blank blood samples spiked with concentrations of 9.75 and 0.05 IJg/mL, 39.0 and 0.2 ]Jg/mL, and 156.0 and 0.5 l~g/mL, respectively, of acetonitrile and cyanide. The intra-assay precision was assessed by the analysis of 10 aliquots of each sample on the basis of a calibration curve, and the interassay precision was assessed by the analysis of sample aliquots for 5 consecutive days.
The intra-assay and interassay accuracy of the methods was determined on the basis of the systematic errors calculated using the following equation:
Systematic error -(value obtained -real value) x 100 real value
The stability of acetonitrile and cyanide in blood was determined by the analysis of blank blood spiked with acetonitrile at the concentration of 39.0 IJg/mL and with cyanide at the concentration of 0.2 IJg/mL. The aliquots were analyzed over seven consecutive days and fortnightly for two consecutive two-week periods.
Results and Discussion
The headspace methodology described for the analysis of acetonitrile in blood is rapid (6 rain) and of simple execution (Figure 2 ). In addition, the use of an automated system of injection permits the analysis of various samples on the same day.
Saturation of blood with sodium chloride favors the passage of the solvent to the gas phase of the flask. However, the solidification of blood due to the action of the salt, plus the temperature of the headspace, hampers this passage. Thus, water was added to blood in order to dilute it, preventing its solidifi-cation and thus reducing this effect of the matrix.
The quantitation limit of approximately 5 IJg acetonitrile/mL blood permits the analysis of samples containing low concentrations of the solvent, and the linearity up to 1248 mg acetonitrile/mL blood permits the analysis of samples with high concentrations of the solvent (Table I) .
In the study of intra-and interassay precision, the coefficients of variation obtained, below 10%, indicated the high Interday precision (n = 5)
Intraday accuracy (n = 10) precision of the analytical method. Similarly, the results obtained in the accuracy tests were all within an acceptable 15% error interval (Table I) . Stability studies have shown that the samples can be stored for only a short period of time, that is, five days ( Figure 3 ). For this reason, the analysis of acetonitrile in blood was performed a maximum of two days after blood collection.
The biological indicators of exposure to acetonitrile are cyanide in blood and thiocyanate in urine. Different methods for the analysis of these substances have been described in the literature. Lundquist et al. (8) described a method for cyanide determination in whole blood using a sample aeration system followed by reading with a spectrophotometer at 580 nm. This methodology, in addition to being complex and time consuming, requires a large amount of reagents and materials, which impairs its use in routine tests. Toida et al. (9) developed a method for cyanide analysis in blood by HPLC with fluorescence detection. However, the analysis uses cyanide derivatization in a Conway chamber and a complex HPLC system for the formation of the fluorescent compound to be detected. In addition, sample treatment and the Conway diffusion require a long time. Felscher and Eulfmeyer (10) described a method for cyanide analysis in whole blood using HPLC with fluorescence detection after derivatization of the toxicant with NDA and taurine. However, the limiting factor for analysis is the large volume of blood needed, 2 mL, plus the time required for the extraction procedure. In contrast, Chinaka et al. (11) described a similar derivatization method, although simpler and faster, using a smaller volume of blood. Chromatographic separation was obtained by HPLC using an ion-exchange column and fluorescence detection.
In the present study, the method developed for cyanide analysis in blood employed HPLC with fluorescence detection according to the procedure of Chinaka et al. (11) and the chromatographic analysis described by Felscher and Eulfmeyer (10) . The study describes a simple and rapid method for cyanide derivatization compatible with routine analyses (Figure 4) . The small sample volume, 100 IJL, needed for analysis also represents a great advantage of the method.
The quantitation limit of 0.025 IJg cyanide/mL blood per- Time (days) Figure 3 . Acetonitrile stability as a function of blood sample storage at 4~ mits the analysis of samples with cyanide concentrations within still asymptomatic levels, and the lineafity of 2.0 pg/mL blood permits the analysis of samples with toxic cyanide levels ( Table  II) .
The coefficients of variation obtained, of 10% or less, in the intra-and interassay precision assays indicate the precision of the analytical method, and the systematic errors, all of them below 15%, obtained in the intra-and interassay accuracy tests indicate that the method is highly accurate (Table ll) . The short (5 days) stability of cyanide in blood stored at 4~ requires a rapid analysis of the samples ( Figure 5 ).
The concentrations of acetonitrile in the blood of the animals treated with the described doses of the solvent remained stable throughout the study period ( Figure 6 ) because of the prolonged elimination half-life of the solvent, in agreement with literature data. However, the plasma concentration versus time curve for the animals treated with 5 mmol/kg of the solvent presented a concentration approximately 2.5-fold higher than that observed in the group that received the solvent at the dose of 2 mmol/kg, demonstrating a direct proportion between the dose of the solvent administered and the concentration of the latter in blood. The cyanide levels in the blood of the animals treated with acetonitrile at the doses described remained practically constant (Figure 7 ) because of the slow biotransformation of acetonitrile to cyanide. In addition, the absence of an increase in cyanide concentration with the increased dose of acetonitrile up to 6 h after administration confirms the slow biotransformation of acetonitrile to cyanide in rats.
Conclusions
The methods developed and validated here for cyanide and acetonitrile analysis are simple, reproducible, sensitive, linear, and compatible with the study of exposure to the solvent. The methods were applied to the study of rats treated with acetonitrile at the doses of 2 or 5 mmol/kg.
